
The Veliger 29(3):251-2S5 (January 2, 1987)

THEVELIGER
© CMS, Inc., 1987

The Effect of Human Predation on the Size

Distribution of Siphonaria gigas (Mollusca: Pulmonata)

on the Pacific Coast of Costa Rica

by

SONIA ORTEGA

Department of Biology, University of South Carolina, Columbia, South Carolina 29208, U.S.A.

Abstract. At a site accessible to fishermen, the mean and maximum sizes of Siphonana gigas were

smaller than at a National Park where limpets have remained undisturbed for at least 7 years. Mea-
surements of empty shells and home scars of limpets that had been consumed by fishermen demonstrated

a selection for larger limpets. At the site accessible to fishermen, the population of 5. gigas has been

kept at a reduced mean size. It has persisted because of the equilibrium between human predation and

recruitment.

INTRODUCTION

Man has collected shellfish for food since prehistoric

times along rocky shores (Shiappaca.s.se & NiEMEYER,

1964; Montane, 1964; Speed, 1969; Parkington, 1977;

Dilleh.^y, 1984). Shell middens in South Africa date back

30,000 years (Speed, 1969). In recent years the study of

the disturbance by man on intertidal communities has be-

come of primary importance especially in the Southern

Hemisphere where human predation is intense (Branch,

1975; Castilla, 1981; Moreno et al., 1984, 1986;

Castilla & Duran, 1985; Siegfried et al., in press;

Hockey & Bosman, 1986; Oliva & Castilla, in press).

After the exclusion of man from biological reserves in

Chile, the size distribution of some heavily harvested species

changed drastically (Moreno et al., 1986). Some of these

species played a key role in the organization of intertidal

communities (Moreno et al., 1984; Castilla & Duran,
1985).

In this paper I document the effect of human consump-

tion on the size distribution of the pulmonate limpet Si-

phonana gigas Sowerby, 1825, on the Pacific coast of Costa

Rica. Siphonaria gigas is one of the most abundant limpets

along the Pacific coast of Central America (Garrity &
Levings, 1983; Levings & Garrity, 1984; Lubchenco
et al., 1984; Ortega, 1985). It is predominantly found on

exposed shores and returns to a home scar after each for-

aging excursion (Garrity & Levings, 1983). Although

S. gigas can attain sizes of up to 80 mmin length in Panama
(Levings & Garrity, 1984), the mean size in Costa Rica

is usually smaller (Ortega, 1985, and this paper). I pre-

sent evidence that suggests that humans, as size-selective

predators, have reduced the mean size of S. gigas in areas

accessible to them, whereas in areas protected from har-

vesting the mean size of 5". gigas is larger.

STUDYSITES

This work was conducted at two sites along the Pacific

coast of Costa Rica. The first site is the same as described

in Ortega (1985), a rocky headland called Punta Mala
(=Punta Judas) (9°31'N, 84°32'W). At this site, fisher-

men often visit the intertidal zone to fish and collect in-

tertidal organisms for food. My observations were made

on the extreme westerly point of Punta Mala (herein re-

ferred to as Punta Mala West). The second site, the south-

ern point of a rocky shore at Manuel Antonio National

Park, is located approximately 40 km south of Punta Mala.

Collection of flora and fauna has been prohibited inside

the park for 7 years. Both sites are exposed to moderate

amounts of wave shock.

MATERIALSand METHODS

To determine the mean size of resident populations of

Siphonana gigas, 9 and 10 permanent quadrats (0.25 m^)

were established in the mid-high intertidal zone (1.60-

2.00 m above MLW) of Punta Mala West and Manuel

Antonio National Park, respectively, in July 1984. Lim-

pets were individually numbered with plastic tags glued

to the shells with underwater polypoxy (Pettit Co., Spring
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Figure 1

Size-frequency distribution of Siphonaria gigas at Punta Mala West (left column) and Manuel Antonio National

Park (right column). A-D, resident populations; E, shell collection; F, shell midden. A and B July 1984; C-F
November 1984.

Valley, CA). Shell length was measured to the nearest 0.1

mmwith dividers {e.g., Sutherland, 1970) in July and

November 1984.

To determine whether the diflerence in mean size of

Siphonaria gigas between the two sites was due to a dif-

ference in growth rate, approximately 50 limpets (<2 cm
in shell length) were individually numbered and the shell

length measured at each site in November 1984. These

limpets were measured again in February 1985. Only

individuals labeled at both sampling dates were considered

in the statistical analysis.

In November 1984 extremely low spring tides provided

access to some isolated rock outcrops near Punta Mala
West. Fishermen were observed collecting Siphonaria gi-

gas at that time. On the following day, bits of limpet tissue

were still present on some scars previously occupied by

limpets. Because the shell margin of the limpet usually

fits the rock exactly, the lengths of home scars were as-

sumed to be equivalent to the lengths of limpets that had

been collected. Empty scars as well as uncollected indi-

viduals were photographed at that time with a Nikonos

camera using a 16 x 25-cm focal framer. Thirty six pic-

tures were taken haphazardly for a total of 123 scars and

150 limpets. Lengths of empty scars and limpets were
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Table 1

Mean size and length increase ± standard deviation (size

ranges) of marked Siphonaria gigas at Punta Mala West

(PMW) and Manuel Antonio National Park (MANP).
Only numbered individuals (N) at both sampling times

were included.

November February Increase in

n 1984 1985 length

PMW 33 1.6 ± 0.1 2.0 ± 0.2 0.4 ± 0.1

(1.3-2.0) (1.6-2.4) (0.2-0.6)

MANP 6 1.5 ± 0.2 1.9 ± 0.2 0.4 ± 0.1

(1.3-1.9) (1.6-2.1) (0.3-0.6)

measured from the photographs by projecting the nega-

tives onto a computerized digitizing pad (Summagraphics

bit pad, SUTHERL.^ND & Orteg.a, 1986).

Finally, shell lengths of Siphonaria gigas that had been

collected by fishermen in November 1984 from the rock

outcrop and from another site near Punta Mala West

were measured. Shell lengths of S. gigas were measured

from shells collected from a midden found near the house

of a fisherman.

For simplicity, shell lengths were divided into size classes

of 0.5 cm. Due to the heterogeneity of variances between

samples, diflferences in mean size between sites were ana-

lyzed with a Kruskal-Wallis test (Sok.-\l & RoHLF, 1981).

RESULTS

The mean densities (number /m- ± SD) of Siphonaria

gigas in the permanent quadrats at Punta Mala West

were 56.4 ± 26.1 and 88.0 ± 60.0 for July and November

1984. At Manuel Antonio National Park mean densities

for the same dates were 116.0 ± 33.6 and 110.8 ± 35.2

respectively.

The mean size of Siphonaria gigas at Punta Mala West

in July 1984 was significantly smaller than at Manuel

Antonio National Park (Figures lA, B; Kruskal-Wallis

test, P < 0.05, d.f. I, H = 36.61). At Punta Mala West

the maximum size of S. gigas was 4. 1 cm whereas at Ma-
nuel Antonio National Park the maximum size was 5.5

cm. In November 1984 the mean size of S. gigas was again

significantly larger at Manuel Antonio National Park

(Figures IC, D; Kruskal-Wallis test, P < 0.05, d.f. 1,

H = 70.62). Maximum size of 5. gigas was 4.2 at Punta

Mala West and 5.5 at Manuel Antonio National Park.

Smaller individuals (<1.5 cm) were more numerous in

November than in July at both sites, suggesting that some

recruitment had occurred during the period between sam-

ples.

Increases in length of juvenile limpets did not differ

significantly between the two sites from November 1984

to February 1985 (Table \; P > 0.05, d.f. 1,37, F =

0.0030) which suggests that the differences in mean and
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Size-frequency distribution of empty scar lengths (A), shell col-

lection (B) and resident population (C) of Siphonaria gigas on an

isolated rock at Punta Mala West in November 1984.

maximum sizes of limpets between sites were not due to

differences in growth rate.

Measurements of shell collections from Punta Mala
West indicated that the size range of limpets collected by

fishermen was between 2.7 and 5.6 cm (Figures IE, F,

2B). Large size classes were mostly absent in the resident

population (Figures 1 A, C). The size range of empty lim-

pet scars was between 2.4 and 5.5 cm, which approxi-

mately coincided with the size range of the limpets col-

lected by people from the same site (3.4 and 5.6; Figures

2A, B). The maximum size of the remaining population

was 4.2 cm (Figure 2C) which was clearly smaller than

the maximum size of empty scars and the shell collection.

The larger size classes that were missing in the resident

population were present in the size distribution of the

empty scars, shell collections, and shell midden, which

indicates a selection for larger limpets by human preda-

tors.

DISCUSSION

This paper demonstrates that human predation may play

an important role in regulating the size structure of the
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population of Siphonaria gigas on Punta Mala West. The
mean size of S. gigas was smaller in the area visited by

fishermen than in the National Park where collection was

prohibited (Figure 1). Fishermen removed the larger sizes

(Figures IE, F, 2A, B) indicating that man is a size-

selective predator (Branch, 1975; Moreno et ai, 1984,

1986; Hockey & Bosnian, 1986). Selection for larger sizes

has also been demonstrated for fish and thaid gastropods

preying upon populations of S. alternata (CooK, 1980;

Menge, 1973).

Homing behavior in limpets has been shown to be a

defense against fish predation (Garrity & Levings, 1983;

Frank, 1981). In Costa Rica, man, not fish, appears to

be the main predator of limpets (Ortega, 1986). Neither

a large size nor home scar provides a refuge from hu-

mans. Other limpets found at Punta Mala West, such as

Siphonaria maura (Sowerby) and Fissurella virescens (Sow-

erby), are not eaten by man, the former because of its

smaller size and the latter because of the widespread belief

among local people that its unusual taste may be caused

by a toxic substance. Many Siphonaria species are unpal-

atable or even toxic (Branch, 1981; Bennett et ai, 1983;

Hockey, 1983; Branch & Cherry, 1985). Branch &
Cherry (1985) demonstrated that S. capensis produces a

milky mucus when irritated. This limpet is avoided by

fish, birds, and seastars that commonly feed on other lim-

pets. BiGALKE (1973) reported that indigenous people on

the southern African coast harvest patellid limpets but not

siphonariids in spite of their abundance and accessibility.

Siphonaria gigas is the only Siphonaria species in which

polypropionates (presumed to be antipredatory chemicals)

have not been detected (Faulkner, personal communica-

tion). Clearly .S". gigas has no antipredatory defenses against

humans.

Along the Pacific coast of Costa Rica Siphonaria gigas

reaches larger sizes in areas inaccessible to fishermen than

in areas disturbed by them. Intense predation might drive

a species to local extinction. This appears to have occurred

at Punta Mala West for the coiled gastropod Nerita sca-

bricosta. Siphonaria gigas has persisted at Punta Mala West

because intense recruitment (Ortega, unpublished data)

has balanced predation by man.

ACKNOWLEDGMENTS
This work was supported by a Sigma Xi Grant in Aid of

Research, an NSF Dissertation Improvement Grant, and

a Jessie Smith Noyes Grant from the Organization for

Tropical Studies. I thank Daisy and Norberto Izurieta,

Tom Crichton, and Tom Curran for their generous hos-

pitality while in Costa Rica. J. P. Sutherland, S. M.
Sutherland, and M. Mendez helped in the field. Thanks

also go to the local fishermen who provided empty shells

of Siphonaria gigas for my project and to M. Forward who
redrafted the figures. J. P. Sutherland, D. S. Wethey, S.

A. Woodin, S. Stancyk, D. Lincoln and G. M. Branch

critically reviewed the manuscript. D. Phillips and an

anonymous reviewer improved the last version of the

manuscript.

LITERATURE CITED

Bennett, B., C. L. Griffiths & M. L. Penrith. 1983. The
diets of littoral fish from the Cape Peninsula. S. Afr. J.

Zool. 18:343-352.

BiGALKE, E. H. 1973. The exploitation of shellfish by coastal

tribesmen of the Transkei. Ann. Cape Prov. Mus. (Natur.

Hist.) 9:159-175.

Branch, G. M. 1975. Notes on the ecology of Pa^eZ/a conco/or

and Cellana capensis, and the eff"ects of human consumption

on limpet populations. Zool. Afr. 10:75-85.

Branch, G. M. 1981. The biology of limpets: physical factors,

energy flow, and ecological interactions. Oceanogr. Mar.
Biol. Ann. Rev. 19:235-380.

Branch, G. M. & M. I. Cherry. 1985. Activity rhythms of

the pulmonale limpet Siphonaria capensis Q. & G. as an

adaptation to osmotic stress, predation and wave action. J.

Exp. Mar. Biol. Ecol. 87:153-168.

Castilla, J. C. 1981. Perspectivas e investigacion en estruc-

tura y dinamica de comunidades intermareales rocosas de

Chile Central. II. Depredadores de alto nivel trofico. Medio
Ambiente 5:190-215.

Castilla, J. C. & R. Duran. 1985. Human exclusion from

the rocky intertidal zone of central Chile: the effects on

Concholepas concholepas (Gastropoda). Oikos 45:391-399.

Cook, S. B. 1980. Fish predation on pulmonale limpets. Ve-

liger 22:380-381.

Dillehay, T. D. 1984. A late ice-age settlement in southern

Chile. Sci. Amer. 251:106-117.

Frank, P. W. 1981. A condition for a sessile strategy. Amer.

Natur. 118:288-290.

Garrity, S. D. & S. C. Levings. 1983. Homing to scars as a

defense against predators in the pulmonale limpet Sipho-

naria gigas (Gastropoda). Mar. Biol. 72:319-324.

Hockey, P. A. R. 1983. Feeding techniques of the African

black oystercatcher Haematopus moquim on rocky shores.

Pp. 99-115. In: J. Cooper (ed.), Proc. Symp. Birds Sea and

Shore, 1979, Cape Town. African Seabird Group: Cape
Town.

Hockey, P. A. R. & A. L. Bosman. 1986. Man as an intertidal

predator in Transkei: disturbance, community convergence

and management of a natural food resource. Oikos 46:3-14.

Levings, S. C. & S. D. Garrity. 1984. Grazing patterns in

Siphonaria gigas (Mollusca, Pulmonala) on the rocky Pacific

coast of Panama. Oecologia 64:152-159.

LuBCHENCO,J., B. A. Menge, S. D. Garrity, P. J. Lubchenco,

L. R. Ashkenas, S. D. Gaines, R. Emlet, J. Lucas & S.

Strauss. 1984. Structure, persistence and role of con-

sumers in a tropical rocky intertidal community (Taboguilla

Island, Bay of Panama). J. Exp. Mar. Biol. Ecol. 78:23-

73.

Menge, B. A. 1973. Effect of predation and environmental

patchiness on the body size of a tropical pulmonale limpet.

Veliger 16:87-92.

Montane, J. 1964. Fechamiento tentative de las ocupaciones

humanas en dos terrazas a lo largo del litoral chileno. Pp.

109-124. In: Publicacion de los trabajos presentados al Ter-

cer Congreso Internacional de Arqueologia de Chile, Vina

del Mar, Chile.

Moreno, C. A., K. M. Lunecke & M. I. Lepez. 1986. The
response of an intertidal Concholepas concholepas population



S. Ortega, 1987 Page 255

(Gastropoda: Muricidae) to protection from man in south-

ern Chile and its effects on benthic sessile assemblages. Oi-

kos 46:359-364.

Moreno, C. A., J. P. Sutherl.^nd & H. F. J.\r.-\. 1984. Man
as a predator in the intertidal zone of southern Chile. Oikos

42:155-160.

Oliva, D. & J. C. Castilla. (In press) Basic ecology and the

effect of human exclusion on intertidal populations of key-

hole limpets Fissurella crassa and F. limbata on the coast of

central Chile. Mar. Ecol.

Ortega, S. 1985. Competitive interactions among tropical in-

tertidal limpets. J. Exp. Mar. Biol. Ecol. 90:11-25.

Ortega, S. 1986. Fish predation on gastropods on the Pacific

coast of Costa Rica. J. Exp. Mar. Biol. Ecol. 97:181-191.

Parkington, J. 1977. Coastal settlement between the mouths

of the Berg and Olifant rivers, Cape Province. S. Afr. Ar-

chaeol. Bull. 31:127-140.

Schiappacasse, V. & H. Niemeyer. 1964. Excavaciones de

un conchal en el pueblo de Guanaqueros (Prov. de Coquim-
bo). Pp. 235-262. In: Publicacion de los trabajos presenta-

dos al Tercer Congreso Internacional de Arqueologia de

Chile, Vina del Mar, Chile.

Siegfried, W., P. A. R. Hockey & A. A. Crowe. In press.

Exploitation and conservation of brown mussel stocks by

coastal people of Transkei. Environ. Conserv.

SoK.\L, R. R. & F. J. ROHLF. 1981. Biometry. 2nd ed. \V. H.
Freeman and Co.: San Francisco. 859 pp.

Speed, E. 1969. Prehistoric shell collectors. S. Afr. Archaeol.

Bull. 24:193-196.

Sutherland, J. P. 1970. Dynamics of high and low popu-

lations of the limpet Acmaea scabra (Gould). Ecol. Monogr.
40:169-188.

Sltherl.^nd, J. P. & S. Ortega. 1986. Competition condi-

tional on recruitment and temporary escape from predators

on a tropical rocky shore. J. Exp. Mar. Biol. Ecol. 95:155-

166.


